Four growth experiments were conducted to assess the effects of organic acid supplementation on performance of starter and finisher pigs. Three 4-wk starter experiments utilized 392 pigs fed simple corn-soybean meal diets. A fourth experiment employed 135 finisher pigs in a 6-wk study. Each of the starter experiments was initiated immediately after weaning; piglets were 30 -+ 3 d of age. In Exp. 1, weanling pigs fed a 19% crude protein, simple corn-soybean meal diet were compared with pigs fed similar diets supplemented with 2% propionic, fumaric, or citric acid. Addition of each acid improved (P<.07) efficiency of gain, while propionate depressed (P<.05) feed intake. Additions of 1, 2, 3 or 4% fumarate were made in Exp. 2, resulting in linear daily gain and feed efficiency improvements (P<.05). In Exp. 3, a possible protein-sparing effect of fumaric acid was investigated. Increasing protein levels from 16 to 20% improved daily gain (P<.01) and feed efficiency (P<.0001); fumarate supplementation (2%) increased (P<.01) gain:feed. However, there was no protein • fumaric acid interaction. In Exp. 4, no treatment effects were noted with performance of finisher pigs fed a 14% crude protein, corn-soybean meal diet was compared with that of pigs fed similar diets supplemented with 1.5 or 3% fumaric acid.
Four growth experiments were conducted to assess the effects of organic acid supplementation on performance of starter and finisher pigs. Three 4-wk starter experiments utilized 392 pigs fed simple corn-soybean meal diets. A fourth experiment employed 135 finisher pigs in a 6-wk study. Each of the starter experiments was initiated immediately after weaning; piglets were 30 -+ 3 d of age. In Exp. 1, weanling pigs fed a 19% crude protein, simple corn-soybean meal diet were compared with pigs fed similar diets supplemented with 2% propionic, fumaric, or citric acid. Addition of each acid improved (P<.07) efficiency of gain, while propionate depressed (P<.05) feed intake. Additions of 1, 2, 3 or 4% fumarate were made in Exp. 2, resulting in linear daily gain and feed efficiency improvements (P<.05). In Exp. 3, a possible protein-sparing effect of fumaric acid was investigated. Increasing protein levels from 16 to 20% improved daily gain (P<.01) and feed efficiency (P<.0001); fumarate supplementation (2%) increased (P<.01) gain:feed. However, there was no protein • fumaric acid interaction. In Exp. 4, no treatment effects were noted with performance of finisher pigs fed a 14% crude protein, corn-soybean meal diet was compared with that of pigs fed similar diets supplemented with 1.5 or 3% fumaric acid. Young et al. (1970) and Forsyth (1975) found that diets containing propionic acidtreated, high-moisture corn supported performance similar to grower pigs fed diets containing dry corn. Bayley et al. (1974) reported increased energy and protein utilization in one of two digestion studies with grower pigs fed corn preserved with propionate. A second experiment resulted in similar nitrogen and reduced energy utilization when pigs fed propionate-treated diets were compared with controls fed diets based on dry, untreated corn. Kirchgessner and Roth (1982) reviewed several European experiments that showed consistent improvements in gain, feed intake, feed efficiency and digestibility with a 1 to 2% fumarate addition to starter diets. Falkowski and Aherne (1984) found no improvement in N or dry matter digestibility with 1 or 2% citrate or fumarate addition; however, feed conversion efficiency was improved 5 to 10%.
Introduction
Previously published studies of organic acid supplementation of starter-pig diets have generally involved complex diets. The objective of the experiments reported herein was to evaluate the effect of organic acid supplementation on the performance of pigs fed simple corn-soybean meal diets. In addition, one experiment was conducted to test the hypothesis that the improvement in gain/feed is due to improved efficiency of protein utilization. The final experiment was designed to determine if an improvement in feed efficiency could also be shown in finisher pigs.
Experimental Procedure
Four experiments involving 527 pigs were conducted. Exp. 4. One hundred thirty-five pigs in nine pen replicates of five pigs were evaluated for each of three treatments in Exp. 4. Diets were formulated to contain 14% crude protein (table  1) . One and one-half or 3% cornstarch was replaced with fumarate in diets 2 and 3, respectively (table 1) . The average initial weight was 47.5 kg. Diet pH was determined in Exp. 1, 2 and 4. Approximately 20 g of pulverized diet was stirred into 30 ml of water to create a slurry. Insoluble solids were suspended during readings with a magnetic stir bar and electric stirrer. The pH of duplicate samples was measured using a pH meter 6 equipped with a glass electrode 7.
The performance data from each experiment were subjected to analysis of variance using the randomized complete-block design. In analyzing Exp. 1, single degree-of-freedom comparisons were made to measure differences between performance of control pigs and pigs fed diets supplemented with each of the organic acids. Linear and quadratic effects were measured in the analysis of Exp. 2 and 4. In the case of Exp. 3, a 2 x 2 factorial arrangement of two protein and two fumaric acid treatments was utilized. Data were compared for main effects of protein level and acid supplementation and for a protein • acid interaction. Statistical analysis was facilitated by the use of the Statistical Analysis System (SAS, 1982) .
Results
Eleven of the 527 pigs used were removed from experiments before completion. Of these pigs, six were removed due to clinical signs of disease and weight loss, generally involving moderate to severe diarrhea. Three pigs were removed due to leg or foot injuries occurring during agonistic behavior following initial mixing of unfamiliar pigs. One pig suffered a rectal prolapse and one was removed when a large umbilical hernia developed. In all cases, the removal of pigs was believed to be unrelated to dietary treatment. Feed consumption and daily gain were adjusted and reported for the Exp. 1. Exp. 4. Acid supplementation of finisher pig diets had no effect (P>.10) on performance at 1.5 or 3% of the diet (table 5) .
Discussion
The results of these experiments provide confirmation of the positive effect of organic acid supplementation on starter pig performance. Simple corn-soybean meal diets were fed to allow evaluation of the efficacy of organic acids for improving the utilization of diets formulated primarily with structurally complex plant feedstuffs. Our results suggest that organic acids improve utilization of simple diets in a manner similar to that observed by others using more complex diets (Kirchgessner and Roth, 1982; Falkowski and Aherne, 1984) . Addition of each acid in Exp. 1 resulted in an 8% improvement in gain/feed over the controls. Graded addition of fumarate resulted in linear improvements in feed utilization up to 16% at the 3% level of supplementation. Contrary to the findings of Kirchgessner and Roth (1976) , gain/feed was improved by fumaric acid additions greater than 2%. The German researchers had concluded addition of fumaric acid in the range of 1.5 to 2% to be optimal. It may be that the use of simple diets allows for a response to higher levels of fumarate than was seen with more complex diets. Organic acids may act by improving digestibility (Kirchgessner and Roth, 1980) and simple diets tend to be less digestible for the starter pig; thus, additional supplementation may be necessary to reach optimal utilization of a simple corn-soybean meal diet. CValues are means of two measurements obtained using a glass electrode and pH meter to measure the pH of an aqueous suspension of 20 g of pulverized diet in 30 ml of water.
dEaeh value is a mean of four replicate pens with five pigs per replicate. eLinear effect of fumaric acid level (P<.05).
Our data suggest little improvement beyond 3 % fumarate. While consistent improvements in feed efficiency were found, the effect on feed intake and daily gain was variable. No significant change in feed intake was noted in any experiment when fumaric or citric acid was fed. In Exp. 1, propionic acid depressed (P<.05) intake by 11%. Propionic acid is an aromatic liquid at room temperature and causes emission of a pungent aroma when added to the diet. The aroma dissipates after an extended storage period; however, all diet was consumed within 3 wk of mixing during this experiment. Daily gain was significantly affected by acid supplementation only in Exp. 2. While statistical analysis suggested a linear response to graded addition of fumarate (P<.05), examination of the data clearly shows a response different from the controls only when 3 or 4% acid was added. Those levels resulted in a 14% improvement over pigs fed the control diet. The explanation for this differential response is unclear and is currently being investigated. Falkowski and Aherne (1984) also found inconsistent improvements in gain. These results are contrary, however, to those of Kirchgessner and Roth (1982) , who found both gain and feed intake responses in several experiments evaluating fumaric acid.
Confirmation of reported improvements in feed efficiency raises questions concerning the CValues are means of eight measurements obtained using a glass electrode and pH meter to measure the pH of an aqueous suspension of 20 g pulverized diet in 30 ml of water.
dEach value is a mean of nine replicate pens with five pigs per replicate.
mode of action of organic acids. Kirchgessner and Roth (1982) suggested that there may be improved protein utilization when starter diets are supplemented with fumaric acid. Manners (1970) hypothesized that hydrochloric acid production by the weanling pig may be inadequate to activate much of the pepsinogen produced by the gastric mucosa. Therefore, initial cleavage of peptide bonds may not occur in the stomach of the young pig. Consequently, feedstuffs may enter the small intestine essentially intact. Of particular concern would be the complex plant proteins. The rapid passage rate and low level of intestinal proteases of the starter pig may limit the digestion of these complex plant proteins. Manet et al. (1962) showed a more rapid passage rate and an elevated gastric pH in pigs fed soy-protein-based diets compared with those fed casein-based diets. These conditions may well result in the strikingly positive response in gain/feed of pigs fed simple corn-soy diets supplemented with organic acids. This feed utilization response appears to wane as the pig develops, however. Fumaric acid addition failed to elicit a response in finishing pigs in Exp. 4. This may be due to the advanced development of the digestive tract by this stage of production, making artificial reduction of gastric pH ineffective or unnecessary.
Experiment 3 was designed to test the hypothesis that improved feed utilization occurs due to increased protein digestion. A gain/feed response was found when protein levels were increased from 16 to 20% (P<.0001) and fumaric acid was added (P<.01); however, no interaction between protein and acid levels was seen. If sufficient protein was digested to provide for the pig's amino acid requirements, a response to fumarate would not be predicted. We expected the 20% diet to be adequate in available amino acids and thus anticipated a lesser response to fumaric add than when a 16% diet was fed. Because we found a similar response to fumarate at 20% protein and at 16% protein, two possibilities exist. Improved protein utilization may not be the primary mode of action of fumaric acid as a feed additive, or protein utilization (amino acid availability) remained a factor limiting performance in pigs fed a 20% corn-soy diet. Recent studies with starter pigs fed simple diets containing 19 or 20% protein have resulted in estimates of a 1.15% lysine requirement (Lewis et al., 1981 ; Aherne and Nielsen, 1983) . In view of these reports, our 20% crude protein, 1.1% lysine diet in Exp. 3 may have been marginally inadequate in available lysine for the starter pig. This would support the possibility of a similar response to fumaric acid via improved protein digestion at 16 and 20% dietary protein.
Other possible actions of organic acids include an antimicrobial effect in which potentially detrimental bacteria are destroyed by reduced gastric pH. Vogt et al. (1981) reported reduced microbial counts in broiler chicks fed various levels of organic acids. Organic acids may also have some influence on mineral balance and intermediary metabolism (Kirchgessner and Roth, 1982) . We suggest that pigs under stress following weaning may benefit from administration of glucogenic, tricarboxylic acid cycle intermediates such as citric or fumaric acid, which may prevent some tissue wastage resulting from high rates of gluconeogenesis and lipolysis. More invasive studies involving intestinal sampling are presently underway in our laboratory to elucidate further the reasons for the starter pig response to organic acid supplementation.
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